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Abstract: Fluidized catalytic cracking (FCC) catalyst was prepared by a hot acid combined with modified kaolinite as a support material
to further explore the influence of modification on the catalytic performance of FCC catalyst. After modification by hot acid binding,
kaolinite produces weak B-acid and L-acid sites, and its specific surface area increases from 21.4 m%/g to 44.6 m*/g. Compared with the
kaolinite-based FCC catalyst, the performance of the modified kaolinite-based FCC catalyst is significantly improved. The catalytic oil

conversion is increased by 1.97%, the heavy oil yield is decreased by 1.62%, and the total liquid yield is increased by 1.54%.
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Fig. 1 XRD pattens of kaolinite
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Table 1 Analysis of chemical constituents of kaolinite
wi%
Si02 A1203 F8203 CaO MgO Kzo Ti02 S03

51.95 4321 0.52 0.10 0.06 0.65 0.15 1.00

w is mass fraction.
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Fig2 SEM image of kaolinite
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Fig. 3 Thermogravimetric analysis of kaolinite
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Table 2 Preparation of kaolinite modified by heat treated

Sample Calcining temperature/C Calcining time/h
K1 400 1
K2 450 1
K3 500 1
K4 500 3
K5 500 5
K6 500 7
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(a) Thermally modified kaolinite under different holding time
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Fig. 4 X-ray diffraction patterns of thermally modified
kaolinite under different holding time, hot acid-
bonded kaolinite and calcined kaolinite
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Fig 5 Infrared spectra of thermally modified kaolinite under
different holding time and infrared analysis of kaolinite
modified by hot acid
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Table 3 Chemical composition analysis of thermally
modified kaolinite under different holding time
w/%
Material Kaolinite K3 K4 K5 K6
AlLO; 43.21 4335 44.06 4331 43.42
Si0, 51.95 53.16 52.31 53.02 52.69

w is mass fraction.

x4 TREFRERE TARABRESUESIRERLERS S

Table 4 Chemical composition analysis of kaolinite modified

by hot acid under different holding time w/%
Material Ka3 Ka4 Kas Ka6
AlLO3 31.18 21.13 7.62 8.64
SiO, 66.90 77.08 90.25 89.26

Ka3—Ka6 are K3—K6 modified with 0.25 mol/L H,SO4.
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Fig 6 SEM images of modified kaolinite
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Table 5 Analysis of specific surface area and pore size of
thermally modified kaolinite under different

holding time
Sample Specific szuri:alce area/  Pore \iollirlne/ Pore width/
(m™g ) (cm™g ) nm
Kaolinite 21.4 0.10 18.82
K3 15.7 0.07 18.64
K4 203 0.09 18.46
K5 153 0.09 544
K6 14.8 0.09 7.80

F6 ARMFREET, ARESHMESRA LRERMETLE
Table 6 Analysis of specific surface area and pore size of
thermal acid modified kaolinite under different

holding time
Specific surface area/ Pore volume/ Pore width/
Sample 2 3
(m™g ) (em™g ) nm

Ka3 79.4 0.21 10.75
Ka4 65.7 0.14 8.52
Kas 318.5 0.28 0.90
Ka6 321.2 0.28 0.86
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Fig 7 XRD patterns of thermally modified kaolinite and hot
acid-bonded kaolinite at different holding temperatures
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different temperature
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Table 7 Analysis of chemical constituents of kaolinite

modified by hot acid at different calcination

temperatures
Material Kaolinite Kal Ka2 Ka3
AlLO; 4321 41.08 36.24 31.18
SiO, 51.95 56.26 61.51 66.90
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Table 8 Analysis of specific surface area and pore size of
kaolinite modified by hot acid at different

temperature
Specific surface area/ Pore volume/ Pore width/
Sample 2 3
(m”g ) (em™g ) nm

Kaolinite 21.4 0.10 18.82
Kal 28.9 0.11 1.40
Ka2 151.7 0.18 0.86
Ka3 79.4 0.21 10.75
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(b) Infrared spectra of hot-acid bonded kaolinite
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Fig. 9 XRD pattens and infrared spectrogram of hot-acid bonded kaolinite
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Table 9 Analysis of specific surface area and pore size of

kaolinite modified by hot acid

Specific surface area/ Pore volume/ Pore width/
Sample s _
(g (em’g ) nm
KL1 31.0 0.15 17.52
KL2 36.8 0.18 18.32
KL3 37.7 0.12 13.29
KL4 44.6 0.17 15.29
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Table 10 Chemical composition analysis of FCC catalyst
w/%
Catalyst SIOQ A1203 F6203 KzO NaZO TlOz SO427 PzOs Rezo3 Cl

Kaolinite 41.84 52.25 0.42 0.14 0.07 0.26 0.26 0.22 3.30 1.15
KL2 41.75 5252 0.18 0.17 0.07 0.08 045 0.18 3.30 1.20
KL4 42.05 5227 0.17 0.19 0.07 0.09 045 0.17 3.41 0.97

11 AR B, AL A T 2>
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Table 11 Physical and chemical properties of catalysts

Catalyst Abrasion Index, w/%h-1 MAT, 800°C/17h, w/%
Kaolinite based catalyst 1.9 57.7
KL2 based catalyst 1.8 58.8
KL4 based catalast 1.7 59.5

w/%h-1: Average percent wear per hour; MAT: microreactivity index=100-
100, (1-G)/W, W, is a liquid product, g; W is the oil intake, g; G is the

gasoline mass fraction in the liquid product, %; 800 ‘C/17h: The catalyst

E m\ y o /{ﬂ&i’* jJ[] 1.27 /\Eﬁ)]—r‘\ s KL4 ﬁ FCC samples were aged for 17 h at 800 ‘C with 100% water vapor.
x12 BEERUKRFRITHR
Table 12 Fixed fluidized bed product distribution table
Composition of product, w/% Percent yield, w/% wi%
. Dynamic ~ Coke
Catalyst Liquefied Diesel Heavy conversion, Gently Total liquid LPG+ .. .. HTI
Dry gas Gasoline . . oke Propylene Butylene . Activity selectivity
gas oi oil w/% closed charge Gasoline
Kaolinite  1.79 12.50 5244 18.69 943 5.15 71.88 3.81 283 7113 83.63 64.94 0.50 0.072 7.78
based
catalyst
KL2 1.63 12.64 5333 1893 828 5.19 72.79 3.88 275 72.26 84.90 65.97 0.52 0.071 8.98
based
catalyst
KL4 1.67 13.03 53.80 1834 781 535 73.85 3.94 282 7214 85.17 66.83 0.53 0.072  10.55
based
catalyst

Percent conversion=(dry gas+liquefied gas+gasoline+coke)/Raw oil(dry gastliquefied gast+gasoline+diesel oil+ heavy oil (slurry oil)+coke)

Gently closed=gasoline yield+diesel yield; Total liquid charge=Gently closed+LPG yield
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